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 Irrigation water quality is important for the successful crop production. The present study 
aimed to assess the quality of both ground and surface water for use of irrigation purposes at 
Betagi Upazila under Barguna district in Bangladesh. Forty two water samples were collected 
from different locations and their important chemical properties including pH, EC, the concen-
tration of PO4
3-, SO4
2-, K+, and Na+ were analyzed.  Results revealed that the pH of the ground 
and surface water were ranged from 7.23 to 8. 49 and 6.98 to 7.96, respectively. Electrical 
conductivity (EC) of the water samples were 590 to 1950 µ Scm-1 and 110 to 380 µ Scm-1  
respectively. The PO4
3- concentration in groundwater was 0.10 to 0.74 mgL-1 and surface  
water was 0.05 to 0.20 mgL-1. The SO4
2- concentration of groundwater ranged from 1.29 to 
3.10 mgL-1 and surfacewater was 2.11 to 7.28 mgL-1. The K+ ion concentration was 4.55 to 
11.38 mgL-1 in groundwater and 6.12 to 22.44 mgL-1 in surface water. The PO4
3- and SO4
2-  
concentration in most of the ground and surface water samples within the “safe” limit for  
irrigation, whereas the pH, EC, and K+ concentration in both ground and surface water were 
not in the safe limit. Besides this, Na+ concentration was higher in groundwater than surface  
water. Based on chemical properties, surface water is more suitable as irrigation water  
compared to groundwater in the study area.  
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INTRODUCTION  
 
Water, the vital element in all aspects of life in the world, plays a 
significant role regarding a person, socio-economic develop-
ment and the existence of ecosystems (Goswami and Bisht, 
2017). It is a fundamental part of humans, plants, animals, and 
other living organisms. The quality and quantity of any water 
supply organizing are highly important, especially when consid-
ering purposes. Irrigation water influences soil and crops, and 
their management. It is possible to be able to produce high-
quality crops only by using high-quality irrigation water sources 
when other inputs are optimal (Sarker et al., 2000). Normal  
water quality for irrigation will be a significant criterion for the 
prosperous crop production as this contains different toxic ions 
in varying concentrations. Irrigated agriculture is dependent on 
the water of useable quality. If inferior of normal water is  
employed for irrigation, poisonous aspects may accumulate in 
the soil thus showing signs of damage soil properties. In  
Bangladesh, a major part of cultivable land is under rainfed  
ecosystem (Goel et al., 2019). But the rainfall is not enough for 
the dry season. Therefore, farmers face an acute shortage of 
irrigation and drinking water during the dry season and use  
water from the two surface and underground sources. Besides 
agricultural point of view, the water of desirable quality is nec-
essary for the drinking, domestic and industrial purposes. Thus, 
water quality assessment is most considerable for irrigation. 
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The substance constituents of irrigation water can affect plant 
growth directly through toxicity or even deficiency, or indirectly 
by simply altering plant availability regarding nutrients (Kumar 
et al., 2019). The substance constituents of water determine its 
quality as well as its utilization about irrigation, industrial and 
domestic usages. All water includes a varying amount of differ-
ent species of cations and anions. Among them, the primary 
soluble constituents are Ca²+ Mg2+, Na+ and K+ as cations and  
Cl-, SO4
2- and HCO3-, PO4
3- as anions. From the soluble constitu-
ents, Ca2+, Mg2+, Na+, Cl-, SO4
2-, HCO3- and B+ are regarding 
prime importance in judging the water quality regarding irriga-
tion. Water contains specific potentially toxic ions such as B+, 
Na+, Cl- etc. (Kumar et al., 2018). The concentrations regarding 
these toxic ions in the irrigation water are extremely important 
because many crops are susceptible to even extremely low  
concentrations of these types of aspects (Hira et al., 2018).  
Irrigation water top quality is normally judged by the total salt  
concentration, comparative proportions of ions or even sodium 
adsorption ratio and the contents of HCO3
- and CO3
2-. For this 
specific reason, some important active agents of water are vital 
to evaluate its suitability for irrigations, drinking, livestock and 
business usages. 
Within the southern area of Bangladesh, there are mainly three 
resources of irrigation water - surface water, rainwater, and 
groundwater. Owing to the effect of climate change, rainfall 
anomaly leads to the uncertainty of rainwater as a source of 
irrigation water. Moreover, monsoon rains usually are available 
for only several months (May to August). Surface water in the 
southern area of the region is exposed to seawater intrusion 
due to the continuous influence of high and low tides and the 
salinity is increasing daily due to the effect of climate change. 
During the monsoon, the salinity of surface drinking water  
decreases but in additional season’s salinity remains largely 
determined by the geology regarding the area. This can make 
surface water unsuitable to be able to use as irrigation normal 
water all year round, especially in the dry season (November to 
April). At that moment, groundwater is the only source to  
irrigate crops field. 
Some organized investigations on the water quality in some  
selected sites regarding Bangladesh have been conducted; all 
chemical analyses of these investigations confined within Ca2+, 
Mg2+, Na+, Cl-, SO4
2-, HCO3-, Fe2+, B+ and Na+. But attention has 
not yet done on the water quality regarding Betagi Upazila, for 
this area was selected for the study. The total land area of  
Betagi Upazila under the district of Barguna is 64.77 square 
kilometers. There are usually seven (7) unions of the Betagi 
Upazila, which are the Bibichini, Betagi, Mokamia, Hosnabad, 
Buramazumdar, Kazirabad, Sarishamuri. The analysis area under 
the AEZ 18 (Young Meghna Estuarine Floodplain). In the study 
area surface water source (pond) is used for irrigation and 
groundwater (deep tube-well especially hand tube-well) can be 
used for drinking without judging chemical quality. Consequent-
ly, the objective of the present investigation was to evaluate the 
quality of surface and groundwater as well as their suitability for 
irrigation and drinking purposes.  
 
MATERIALS AND METHODS  
 
Water selections for quality assessment were analyzed for 
chemical matters. An effort has been obtained to analyze 
ground and surface water samples collected from the Betagi 
Upazila under the district regarding Barguna and the substance 
analyses are the determination of pH, electrical conductivity 
(EC) and major ionic matters like PO4
3-, SO4
2-, K+, and Na+. 
 
Site selection 
Groundwater and surface water samples were collected from 
selected sites regarding Betagi Upazila. Forty-two (42) ground-
water and surface water samples were collected from 7 unions. 
Twenty-one (21) groundwater samples and Twenty-one (21) 
surface water samples were collected in the course of the dry 
season from January 25 to December 28, 2016. 
Figure 1. Map showing location of the experimental area. 
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Methodology of sample collection and analysis 
All analyses were done following the procedures mentioned by 
Hunt and Wilson (1986) and APHA (2012). The water samples 
were collected from both surface and underground sources 
(Figure 1). Water samples were collected in 500 ml plastic  
bottles. These bottles were cleaned with dilute hydrochloric 
acid and then washed with tap water followed by distilled water. 
Before sampling, bottles were again rinsed 3 to 4 times with 
water to be sampled. The collected samples were tightly sealed 
immediately to avoid publicity to air. Samples were collected at 
the running condition of the hand tube well after the discharge 
of enough quantity of water. All water was colorless, air, taste-
less and free from turbidity at the time of sampling. The water 
samples after proper marking and labeling were carried to the 
Central Laboratory, at Patuakhali Science and Technology  
University, for chemical substance analyses and were retained 
in a clean, cool and dry place. Samples were filtered through 
Whatman number l filter document to eliminate undesirable 
solid and suspended materials. The analyses were conducted 
within a few days’. The pH and EC are immediately taken while 
carried to the samples at the central lab of Patuakhali Science 
and Technological University. Water samples were protected 
against bacterial invasion either by adding two to three drops of 
pure toluene. 
 
Statistical analysis 
Statistical analysis of the data generated out of the chemical 
analysis of water samples was done with the help of a scientific 
calculator (Casio Super FX-100D) following the standard proce-
dure as described by Gomez and Gomez (1984). Correlation 
studies also performed following the standard method of a  
computer program (SPSS). 
 
RESULTS AND DISCUSSION 
 
The pH, EC and the ionic constituents such as PO4
3-, SO4
2-, K+, 
Na+ in the water samples have been presented in the Tables 2 
and 3. The salient features of the analyses have been discussed 
in the light of relevant research findings wherever applicable. 
The results have been discussed under the following headings. 
 
Ground and surface water rating for irrigation purposes 
 
pH: The pH of groundwater in the dry period ranged from 7.23 
to 8.49 indicating the particular slightly alkaline in characteris-
tics with the mean value of 8.00 (Table 2). The pH regarding 8 
samples was below the mean value and the rest 13 samples 
were higher than the suggested value. The standard deviation of 
groundwater samples was 0.264. The pH of surface water sam-
ples ranged from 6.98 to 7.96 in dry season indicating neutral to 
alkaline in characteristics with the mean value 7. 32 (Table 3). 
The pH of 13 samples was less than the mean value. The pH level 
of 8 samples was higher than the suggested value in the dry time 
of year. The standard deviation had been 0.260 in the dry sea-
son (Table 3). Amongst all the samples the highest pH value 8.49 
was obtained in the sample no. MG 2 was hand tube well water, 
collected from Mokamia union, Mokamia bazar and the lowest 
value 6.98 had been obtained in the sample no. BS 3 it had been 
pond water, collected from Bibichini Union, adjacent pond. 
(Fipps, 2003) reported of which the suitable pH range for irriga-
tion water 6.0 to 8.5. Based on this limit, both the groundwater 
and surface water of the study area were suitable for irrigation. 
 
Electrical conductivity (EC): The electrical conductivity regard-
ing groundwater samples in dry season ranged from 590 to 
1950 μScm-1 with the mean value of 1068. 57 μScm-1 (Table 2). 
The EC value of 13 samples was below the mean value, and the 
rest 8 samples were higher than the mean value. The standard 
deviation of groundwater samples was 429.17 (Table 2). The EC 
value of surface water samples ranged from 110 to be able to 
380 μScm-1 with all the mean value 210.95 μScm-1 (Table 3). The 
EC value of 10 samples was higher than the mean value, in addi-
tion to the rest of the 11 samples have been lower than the 
mean value. The standard deviation was 75.13 in the dry season 
(Table 3). The groundwater regarding the study area showed 
higher EC value as compared to surface water. Among all the 
water samples the highest EC value 1950 μScm-1 was obtained 
in typically the sample no. BeG 1 had been Hand tube well water 
sample, collected from a hand tube well adjacent Betagi college 
regarding Betagi union and the lowest value 110 μScm-1 was 
obtained in the sample no. BS 1 had been Pond water collected 
from Bibichini union, Khashpukur par, sample no. BeS 2 was 
pond water collected from Betagi Bus Stand, sample no. KS 1 
was pond water collected from Kazirabad union, Kaonia.  
According to (Islam and Shamsad, 2009) the groundwater in the 
research area was found “permissible” class and surface water 
was of “good” class.  
 
Ionic constituents 
 
The ionic constituents like PO4
3-, SO4
2-, K+, Na+ of the water 
samples were analyzed. The ion present in all samples in relation 
to irrigation water quality have been discussed as follows: 
 
Phosphate (PO4
3-): The phosphate concentration of groundwa-
ter samples in dry season ranged from 0.10 to 0.74 mgL-1 with 
mean value with 0.32 mgL-1 (Table 2). The PO4
3- concentration 
of 11 samples were lower than the mean value, the rest 10 sam-
ples were higher than the mean value. The standard deviation 
was 0.169 (Table 2). The PO4
3- concentration of surface water 
samples ranged from 0.05 to 0.20 mgL-1 in dry period with the 
mean value of 0.08 mgL-1 (Table 3). The PO4
3- concentration of 4 
samples was higher than the mean value, the rest 16 samples 
were lower than the mean value and one sample has been equal 
to the mean value. The standard deviation was 0.0362 (Table 3). 
 
Sulphate (SO4
2-): The concentration of sulphate of groundwater 
samples in dry season ranged from 1.29 to 3.10 mgL-1 with  
the mean value of 1.99 mgL-1 (Table 2). The SO4
2- concentration 
of 12 samples were lower than the mean value, and the rest 9 
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samples were higher than the mean value. The standard devia-
tion was 0.525 (Table 2). The SO4
2- concentration of surface 
water samples ranged from 2.11 to 7.28 mgL-1 in the dry season 
with the mean value regarding 3.96 mgL-1 (Table 3). The SO4
2- 
concentration of 12 samples have been lower than the mean 
value, and rest samples were higher than the mean value. The 
standard deviation was 1.55 (Table 3). 
 
Potassium (K+): The potassium concentration of groundwater in 
dry season ranged from 4.55 to 11.38 mgL-1 with the mean  
value of 7.45 mgL-1 (Table 2). The K+ concentration of (10) ten 
samples was higher than the mean value and rest 10 samples 
were lower than the mean value and one sample have been 
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equal the standard deviation was 2.18 (Table 2). The K+ concen-
tration of surface water samples ranged from 6.12 in order to 
22.44 mgL-1 in the dry season with the mean value of 9.68 mgL-1 
(Table 3). The K+ concentration of seven (7) samples was higher 
than the mean value and the rest 14 samples were lower than 
the mean value. The standard deviation was 3.87 (Table 3). The 
surface water contained a larger quantity of K+ than the ground-
water. Among all the water samples the lowest value of K+ 4.55 
mgL-1, was seen in the sample no. SG 2 was Hand tube well  
water, collected from Sarishamuri union, Talukder bari adjacent 
hand tube well and the highest value of K+ 22.44 mgL-1 was  
observed in the sample no. HS 3 it was Pond water, collected 
from Hosnabad union, Jailsha. The presence of  better quantity 
Sample 
number 
Sampling location 
 Sources Depth (ft.)  Season 
Union Village 
BS 1 
Bibichini  
Khashpukur par PW - 
Dry season  BS 2 Bibichini Bazar PW - 
BS 3 Fultola PW - 
BG 1 
Bibichini  
Bibichini Bazar HTW 550 
Dry season  BG 2 Fultola HTW 760 
BG 3 Bibichini Bazar HTW 850 
BeS 1 
Betagi  
Betagi  Bazar PW - 
Dry season  BeS 2 Betagi Bus Stand PW - 
BeS 3 Betagi College PW - 
BeG 1 
Betagi  
Betagi College HTW 1250 
Dry season  BeG 2 Betagi Bazar HTW 1200 
BeG 3 Betagi Bus Stand HTW 1000 
MS 1 
Mokamia  
Mokamia Madrasha PW - 
Dry season  MS 2 Karuna PW - 
MS 3 Mokamia Bazar PW - 
MG 1 
Mokamia  
Karuna HTW 1200 
Dry season  MG 2 Mokamia Bazar HTW 1000 
MG 3 Mokamia Madrasha HTW 1000 
HS 1 
Hosnabad  
Hosnabad Bazar PW - 
Dry season  HS 2 Jailsha PW - 
HS 3 Jailsha PW - 
HG 1 
Hosnabad  
Jailsha HTW 1250 
Dry season  HG 2 Hosnabad Bazar HTW 1000 
HG 3 Jailsha HTW 1000 
BUS 1 
Buramazumdar  
Kajirhat Bazar PW - 
Dry season  BUS 2 Kajirhat School PW - 
BUS 3 Kajirhat PW - 
BUG 1 
Buramazumdar  
Kajirhat HTW 800 
Dry season  BUG 2 Kajirhat School HTW 850 
BUG 3 Kajirhat Bazar HTW 1000 
KS 1 
Kazirabad  
Kaonia PW - 
Dry season  KS 2 Kaonia School PW - 
KS 3 Kaonia Mosjid PW - 
KG 1 
Kazirabad  
Kaonia Mosjid HTW 1000 
Dry season  KG 2 Kaonia School HTW 850 
KG 3 Kaonia HTW 750 
SS 1 
Sarishamuri  
Sarishamuri Bazar PW - 
Dry season  SS 2 Sarishamuri Bazar PW - 
SS 3 Talukder Bari PW - 
SG 1 
Sarishamuri  
Molla Bari HTW 1250 
Dry season  SG 2 Talukder Bari HTW 950 
SG 3 Sarishamuri Bazar HTW 850 
Table 1. Detail information regarding surface and groundwater sources of Betagi Upazila under Barguna District in Bangladesh. 
HTW= Hand tube well water; BG= Bibichini ground water; HG= Hosnabad ground water; BeG= Betagi ground water; MG= Mokamia ground water; BuG= 
Buramazumder ground water; KG= Kazirabad ground Water; SG= Sarishamuri ground water.                                                                     
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Table 2. pH, EC, and concentration of PO4
3-, SO4
2-, K+, and Na+ in groundwater collected in the dry season. 
Sample 
number 
Sources  
of water 
pH  EC (µScm-1) PO4
3- (mg L-1) SO4
2- (mg L-1) K+ (mg L-1) Na+ (mg L-1)  
BG 1 HTW 7.48 1020 0.42 2.34 8.13 52.71 
BG 2 8.01 1050 0.35 1.73 6.80 50.57 
BG 3 8.07 910 025 1.81 5.82 54.68 
BeG 1 7.72 1950 0.13 1.58 11.38 57.96 
BeG 2 7.91 1590 0.17 1.61 9.08 64.37 
BeG 3 7.94 1720 0.16 1.61 10.09 60.43 
MG 1 8.10 1540 0.17 1.29 8.40 66.34 
MG 2 7.91 1630 0.18 1.40 11.09 54.52 
MG 3 7.96 1390 0.21 1.58 8.43 65.02 
HG 1 8.08 960 0.15 1.58 5.65 56.49 
HG 2 8.05 1250 0.23 1.35 7.51 61.74 
HG 3 7.23 1310 0.10 1.67 7.84 63.22 
BuG 1 7.98 610 0.55 2.54 5.41 48.11 
BuG 2 8.03 690 0.53 1.78 5.38 51.56 
BuG 3 HTW 8.07 630 0.44 2.28 11.32 51.23 
KG 1 8.20 730 0.36 2.25 5.06 52.87 
KG 2 8.49 610 0.40 2.51 5.68 47.29 
KG 3 8.13 910 0.28 2.84 5.03 58.62 
SG 1 8.31 720 0.51 2.31 7.45 42.86 
SG 2 8.19 630 0.42 2.54 4.55 52.05 
SG 3 8.17 590 0.74 3.10 6.24 48.60 
 Range 7.23-8.49 590-1950 0.10-0.74 1.29-3.10  4.55-11.38 42.86-66.34 
Mean (n=24) 8.00 1068.57 0.32 1.99 7.45 55.30 
Sd (±) 0.264 429.17 0.17 0.525 2.18 6.49 
HTW= Hand tube well water; BG= Bibichini ground water; HG= Hosnabad ground water; BeG= Betagi ground water; MG= Mokamia ground  
water; BuG= Buramazumder Ground water; KG= Kazirabad ground water; SG= Sarishamuri ground water.                                                                               
Table 3.  pH, EC, and concentration of PO4
3-, SO4
2-, K+, and Na+ of surface water collected in the dry season. 
Sample 
number 
Sources of 
water 
pH  EC (µScm-1) PO4
3- (mg L-1) SO4
2- (mg L-1) K+ (mg L-1) Na+ (mg L-1)  
BS 1 PW 7.37 110 0.07 2.13 6.39 9.03 
BS 2 7.57 240 0.07 4.97 6.12 10.02 
BS 3 6.98 120 0.05 2.11 6.71 6.73 
BeS 1 7.06 220 0.05 4.36 6.59 11.17 
BeS 2 7.20 110 0.06 3.92 8.28 10.18 
BeS 3 7.96 270 0.06 5.26 8.81 15.93 
MS 1 7.06 240 0.10 2.16 11.03 12.48 
MS 2 7.51 290 0.05 2.81 11.21 12.97 
MS 3 7.64 380 0.08 7.28 11.32 17.57 
HS 1 7.24 200 0.07 6.58 8.66 11.33 
HS 2 7.22 220 0.06 5.00 6.15 14.12 
HS 3 7.64 380 0.20 2.75 22.44 11.33 
BuS 1 7.29 220 0.06 2.75 9.52 14.12 
BuS 2 7.03 220 0.09 6.20 8.93 11.66 
BuS 3 7.23 180 0.08 5.47 7.75 12.48 
KS 1 7.71 110 0.06 2.51 7.63 8.21 
KS 2 CW 7.13 170 0.05 3.19 7.24 14.61 
SS 1 PW 7.06 190 0.07 3.13 10.47 11.66 
SS 2 CW 7.34 170 0.08 3.10 15.61 12.15 
SS 3 PW 7.23 190 0.16 3.48 14.10 8.54 
Range 6.98 -7.96 110-380 0.05 -0.20 2.11-7.28 6.12-22.44 6.73 -17.57 
Mean (n=26) 7.32  210.95 0.08 3.96 9.68 11.67 
Sd (±) 0.260 75.13 0.0362 1.55 3.87 2.68 
HTW= Hand tube well water; BG= Bibichini ground water; HG= Hosnabad ground water; BeG= Betagi ground water; MG= Mokamia ground  
water; BuG= Buramazumder ground water; KG= Kazirabad ground water; SG= Sarishamuri ground water.                                                                               
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of K+ in some groundwater samples could be as a result of some 
potash bearing minerals just like sylvite (KCl) and niter (KNO3) 
in aquifers (El-Gohary, 2011) reported that seas containing less 
than 2 mgL-1 K+ are well suited for irrigation. In accordance with 
this limit, both the ground and surface waters from the study 
area were unsuitable for irrigation. 
 
Sodium (Na+): The sodium concentration of groundwater sam-
ples in dry season ranged from 42.86 to 66.34 mgL-1 with the 
mean value 55.30 (Table 2). The Na+ concentration of 9 samples 
was higher than the mean value and the rest 12 samples were 
lower than the mean value. The standard deviation was 6.49 
(Table 2). The sodium concentration regarding the surface water 
samples ranged from 6.73 to 17.57 mgL-1 with the mean value of 
11.67 mgL-1 (Table 3). The sodium concentration of 9 samples 
was higher than the mean value and rest twelve (12) samples 
were lower than the mean value. The standard deviation was 
2.68 (Table 3). The groundwater study was higher Na+ content 
than the surface water. Among all the samples, the highest value 
of Na+ 66.344 mg L-1 was observed in the sample no. MG 1 was 
Hand tube well-drinking water, collected from Mokamia union, 
Karuna adjacent road and the lowest value of Na+ 6.73 mgL-1 
had been noticed in the sample no. BS 3 it was pond water  
collected through Bibichini union, Shikder bari adjacent pond. 
Tester and Davenport (2003) proposed that water containing 
less than to 40 mgL-1 Na+ had been well suited for irrigation of 
crop plants. Based on Na+ content, all the collected surface wa-
ter of the study area can safely be used for irrigation of crops but 
groundwater was unsuitable for irrigation goals. 
 
Conclusion 
 
From the above results, it has been concluded that PO4
3- and 
SO4
2- in both ground and surface water in the study area were 
within the “safe” limit for irrigation. The pH, EC and K+ concen-
tration in both ground and surface water were not in the safe 
limit. Besides these, Na+ concentration was higher in groundwa-
ter than surface water. Based on the chemical properties,  
surface water is more suitable as irrigation water compared to 
groundwater in the study area. 
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